Amendments to the Claims: 




This listing of claims will replace all prior versions, and listings, of claims 
in the application. In comparison to the prior version of claims, claims 9, 17, 24 
and 26 are currently amended, claims 18 and 25 are canceled and claims 1-8, 10- 
16, 19-23, 27 and 28 remain as original Claims 29-32 are new. 



1. (Original) A control system for controlling movement of a DC motor, 



comprising: 



bfa B>< 



v a movemfent detector to detect movement ^faTj>C motor and output a 
correspo^dingfteedback signal; 

a digital phase detector to compare phase of the feedback signal from said 
movement ditector with phaseofajs ference sign a l a nd output a comp anson^^ 



signal^vheS phase detector follows a describing function to model 



non-lineai/componentSN^f the reference signal; and 

a digital loop filterto filter noise from the comparison signal for control of 
the DC motor. 



2^(Original\The control system according to claim 1, wherein said movement 
etector further comprises: 
a carriage which is attached to the motor with a belt drive, said carriage 
moving in response to movement of the motor; and 

a linear optical encoder attached to said carriage and moving therewith, 
wherein said linear optical encoder outputs the feedback signal in response to 
t movement of me motor. 



\aX) The control system according to claim 1, wherein said digital phase 
detec&r and said digital loop filter are disposed within an application specific 
inteferatecfctircuit. 
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(Original) The control system according to claim 1 , wherein said digital phase 
!tebtor is a phase frequency detector. 



(Original) The control system according to claim 4, said phase frequency 
detector comprising: 
a sta\e machine to receive the feedback signal and the reference signal and 
selectively output a corresponding signal of UP, DOWN, or no signal; 

a first current source to output positive current as the comparison signal in 



response to the 
a second 



UP signal; and 

current source to output negative current as the comparison signal 
in response to the DOWN signal, 

wherein the comparison signal is a high impedance state of neither positive 
nor negative /current when said state machine selects to output no signal. 



^(Ofigmal) The control system according to claim 5, wherein said state machine 
tracks a timfe varying reference signal and selectively outputs the signal of UP, 
DOWN, or no signal in response to the tracked time varying reference signal. 

7. (Original) The control system according to claim 6, wherein said state machine 
is weighted with states to provide for system damping, such that the amount of 
time that said/digital loop filter changes during comparison by said digital phase 
detector is minimized. 



8. (Original) The control system according to claim 4, wherein said phase 
frei^t^noy detector has a memory to track a time varying reference signal and 
selectivefy^ontrol the comparison signal in response to the time varying reference 
sural. 
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9. (Currently Amended) The control system according to claim 8, wherein said 
digital phase d e tector has a memory has with weighted states to provide for system 
damping, such that the amount of time that said digital loop filter changes during 
comparison by said digital phase detector is minimized. 



10. (Original/ The control system according to claim 1, wherein said digital phase 



/ 



detector^ a phase frequency detector and said digital filter is a digital 
compensator, wherein said digital compensator has a time varying sample interval 
whi£h is set iy a digital clock. 



(Original) A control system for controlling movement of aJJCniotor, 

mov\ii^entdetec^ to detect movement of^pC motor including: 

carriag e which is attached to 4ie motoi) with a belLdWye,(}aid carriage \ 




response to movement 



oMhe motor^and 

fft> 



tacoder attached td^said carnage^nd moving therewith, wherein(ihe 



encoj^<!>utpks a feedbacl^si^al in response to movement of^he motoi^and 
an applicltion specific integrated^circuk including: i 

a ^hgitaljd^ to compare phase o(the feedback signa) from(the 

encode^with phase\)f a reference signal and output a con^arisonsignal, wherein 




tal phase detectqnmodels non-linear components of(the reference signal* 



a digital loop filter to filter noise from(the comparison signalj for control of 



\ 




alj The control system according to claim 11, wherein ^id digital 
to)j is a phas^ frequ e ncy detector. 
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13. (Original) The control system according to claim 12, wherein^aid phase 
frequencjr detectorjselectively outputs positive current, negative current, or no 
current as me comparison signal) in response to {he reference signaj)and^he 
feedback signal^ 



14. (Original) The control system according to claim 12, whereir^said phase 



frequency detector tracks a time va rying refere nce signal and selecttfthe 

I ~J ■ 7 ^ 

comparison sijgnaT[n response to Qie tracked time varying reference signaLj 



15. (Original) 
frequency 
(§aid digital 
minimized. 



16. (Original) 



The control system according to claim 12, wherein ^aid phase 
detdctorjprovides for system damping, such that the amount of time that 
loop filte^changes during comparison by^aid digital phase detectoys 



The control system according to claim 12, wherein kaid phase 
frequency detected has a jnemory to track a time varying refe re nce signa l and 
selectively comtrol(the comparison signal in response to|he time varying reference 



signa 



\lX(Curi£mly Amended) A conti^lsystem for controlling velocity of anjnkjet 
p^nt head in response to a reference sign al, comprising: 

a velocity detector to detect velocity of an inyeLponthead and output a 
corresponding feedback si gnal; 

^Vpital phase frequency detector to compare phase of feedback signal 
from (aid velocity detect^ with {he reference signaled output a corresponding 
comp aidson^si^na L wherein/said digital phase frequency detector^follows a 
describing function ; 

a digital lo^ filtgr to filter noise from({he comparison signal; and 
a motor to controf velocity of ^einkjet print headftin response to th^ filtered 
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■ 'A 

companson signal. 



18. (Canceled). 



19. (Original) The control system according to claim 17, wherein said digital 
pnhse frequency detector and said digital loop filter are disposed within an 
(plication specific integrated circuit. 



jdback 



ial) The control system according to claim 17, wherein said phase 
detector selectively outputs positive current, negative current, or no 
\the comparison signal in response to the reference signal and the 
ignal. 



2rX0riginal) The control system according to claim 17, wherein said phase 
fi^uenfey detector tracks a time varying reference signal and selects the 
iparison signal in response to the tracked time varying reference signal. 



22. (Original) The control system according to claim 17, wherein said phase 



frequency 
said motor, 




etector provides system damping by anticipating a step response of 
such that the amount of time that said digital loop filter changes during 



comparispn by said digital phase detector is minimized. 

23XOrigmal) The control system according to claim 17, wherein said phase 
frequpKqy detector has a memory to track a time varying reference signal and 
seitctivei^controls the comparison signal in response to the time varying 
Reference signal. 

(Currently Amended) A method for controlling velocity of an inkjet print head 
in response to a reference signal, comprising the steps of: 
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\ detecting a velocity of an inkjet print head and outputting a corresponding 
feeaback simal; 

\:omparing phase of the feedback signal with phase of the reference signal 
using a aieital phase frequency detector and outputting a corresponding 
comparisomsigna L said comparing step following a describing function ; 
filtering noise from the comparison signal; and 
/controlling velocity of the inkjet print head in response to the filtered 
comparison signalX 

25. (Canceled). 

26. (Currently Amended) The method according to claim 24, wherein said 
l^t^cting step tracks a time varying reference signal and selects a the 

ssponding comparison signal in response to the tracked time varying reference 
m1> 

27. (Original) The method according to claim 24, wherein said detecting step 
provides dajmping by anticipating a step response of the inkjet print head, such that 
the amount/of time required by said comparing step is minimized. 



28. (Original) A control syste m for controlling velocity of an mkjet g rinthead in a 
system including a velocity d etector to detect inkjet print head velocity and output 
a correspond igg^ feedbac k^ignal, a phas e detect or to compare phase oi^the 
feedback signal)with phase of a reference sign al and output a correspon ding 
comparison signalAa digital loop filte r to filter noise fronCthe comparison signaj^ 
and a motor to control velocity of£the inkjet print he^J in response teethe filtered 
comparison signaM tfaid control syste^ produced by operations, comprising: 



\ modeling)| he phase detector in a closed loop, phasejockeiloop 
configuration with a describing function; and 
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iticips 



impening the frequency response of the describing function by 
lg a step response of the motor during initial movement. 



29V (New) A controlj>£Stem for controlling velocity of an inkjet print ji egd in 
respojjse to ^feren ce^signal, comprising: if? 

velocity detecto r to detect velocity «J(an iifejet prir rthead and output a 
correspo nding feedb ack signal; 

juency detector to compare phase of(th^feedback signal) 
from (said velocity detector)with fee reference signal) and output a corresponding 
comparison ^gnal; 

a ^M loop filte r to filter noise from^iecomparison signal; and 



a motor to control velocity of<£he inkjet prinjt headj)i response to(the filtered 



comparison si; jnaly wherein(said phase frequency detectorjprovides system 
damping by anticipating a step response of said motor, such that the amount of 
time that said digital loop filter changes during comparison by said digital phase 
sdetector is^^nimized. 



30. (New) A method for controlling velocity of an inkjet^riat head in response to 
a refercnce^signal, comprising the steps of: 

tdete^ng\a velocity of an infcjet print head and outputting a corresponding 
feedback sign; 




co^mife\phase of (fhejeedback signal with phase of (preference signa^ 



using a digital pliase frequen cy detector and outputting a corresponding 
comparison signgtl wherein ^aid detecting stej^provides damping by anticipating a 



stepj5spons^of(m ejnkjet print he^cj)such that (he amount of time^equired by £aid 
comparing^ep is minimized; 

fHteri^iwise from <^e comparison signal; and 
go^oll fflgVelocity of ^he inkjet print head)in response to the Altered 
mparison pgnal^ 
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Jew) A control syst em for controlling movj 
^movement detector to detect movement 



fa 



Lt of a DC motor, comprising 

"X s~ — - 

DCjmotor and output a 



corresp6fl(li ng feedback sign al; 

~ a 4gfra^ dete ctor to compare phase of ((he feedback signaij 

from ^idlnovement detector)vith phase of areferegges^gnal and output a 
comparison s\gn al, wherein ^he digital phase frequency detect^ follows a 
describing function to model non-linear components; and 

l oop filte r to filter noise from t^e comparison sign^or control of 




e DC motor, 



wherein ^he digital phase frequency detec^) has a memo ry with 
s to provide for system damping, such that the amount of time that 
oopJHte£)bhanges during comparison by(said digital phase frequency 



detector Is minimized. 



\TNewA A control system for controlling movement of a DC motor, 



comprising: 



moyemgn^ to detect movement ojfa^C motor and output a 



corre^poiHlin g feedback signa l; 

. phase detecto r to compare phase of (he feedback signa^ fron^said 
movement detector)with phase of a referenc e signal and output a com parison 
, wherein tte digital phase detectoj: follows a de§crihingj^ and 
a digital loofcfiligrto filter noise from &e comparison sign^jjfor control of 
(the DC motor^ 
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